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スマートデバイスにおいて大量の楽曲から 
高速に選曲する手法の提案と評価 
 要  旨 
本研究では，スマートデバイスにおいて，画面のタップのリズムや位置によって楽曲を選曲す
るシステムを提案し，実装した．また，実験により，選曲の正確さや有用性について評価を行っ
た． 
近年，Android や iOSのような汎用 OSを搭載した音楽プレイヤーやスマートフォンで音楽を
聞く機会が増加している．これらの端末は数千曲もの楽曲を保存し再生することができる．しか
し，一方で，端末内の楽曲数の増加により，曲やアルバム等の選曲画面からの選曲に時間がかか
ってしまうという問題が発生する． 
そこで，本研究では，携帯端末用の直感的な選曲システムを提案した．端末の画面をタップす
る時のリズムやタップ位置による音程変化の情報を楽曲のボーカルの発音のリズムや音高の変化
と比較することにより聴きたい曲を絞り込むシステムを設計および評価した． 
本研究では，楽曲の音響特徴から楽曲データベース(DB)を作成するシステム，端末の画面から
入力を行うシステム，楽曲 DB の楽曲データと入力されたタップデータを比較し選曲するシステ
ムを作成した． 
予備実験により，入力方法は端末の画面をピアノの鍵盤のように入力する方法とした．また，
アルゴリズム評価の有用性について評価を行った．入力実験により，選曲の正確さや有用性につ
いて評価を行った． 
RWC研究用音楽 DBの 100曲を対象として比較する際，MIDIデータのデータベースを用いた
場合は，入力データが正確な場合，100%選曲に成功するが，被験者による入力データでは，最良
で 5位以内に入る確率が 91.7%であった．波形データの DBを用いて選曲した際は，被験者によ
る入力データでは最良で 5位以内に入る確率は 38.4%であった．また，被験者が入力したデータ
の音高推移の正しさは 77.8%程度であった． 
これらの結果より，選曲時に入力と DB を比較するアルゴリズムの改良，また，ユーザーの訓
練によって選曲の精度を改善することが可能であると考えられる． 
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?????????????????????????????OS??????
????????????????????????????????????
??????????????GB?????????????????????
?????????????????????
???????????????????????????????????
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1.2 ?????????????
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??????????????
???????????????????????????????????
????????????????????????????????????
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1.3 ??????
???????????????????????????????????
???????????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????
???????????????????????????????????
??????????????????????????????????
6
1.4. ?????? ? 1. ????
1.4 ??????
??????????????? 2????????????????????
3????????????????????????????????????
???????DB??????????????DB????????????
? 4???????????????????????
? 5????????????? 6????????????????????
????????????????????????????
? 7?????????????????????????????????
????????????? 8??????????????????????
????????????? 9??????????????????????
?????????????????????????????? 10?????
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?2? ????
???????????????????????????????????
????????????????????????????????????
?????????????????????????????????
2.1 ????????????????
??? [3]??????1????????????????????????
???????????????????
MIDI????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????
?????2500????????? 5???????????? 75%????
????????
2.2 ?????????
Bandera? [1]?????????????????????????????
?????????????????
? 2.1?????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????
???????????????????? 2.2???????????????
????????????????????????????????????
?????
??????140????????????????????????????
?? 5???????????? 45.10%???????????
2.3 ??????????????????
?????????????????????????? [2]???????
???
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2.1????????????MIDI???????????????????
????????????????????????????????????
????????????????????????
???2.2???????????????????????????????
????????????????????????????????????
????????????????????????????????????
???
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????????????????????????????????????
????????????????????????????????????
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2.5. ???????? ? 2. ????
? 2.1: ???? [1]????????
????????????
? 2.2: ???? [1]????????
???????
? 2.3: ???? [2]?????????????????
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? 3.1: ????????
???????????????????????????????????
?????????????????????????????????? (DB)
?????????????????????????????????????
????????????DB??????????????????????
???????????
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3.2. ???? ? 3. ????
3.2 ????
?????????????????????????????????????
??????????????????????????????????(?
??)??????????????????????????????????
???????????????????????? (5?)??????????
?????????????????????????????????????
??????????????????????????
6??????????????????????????????????
????????????????????????? DB??????? (3.4
?)?????7??????????4??????????????????
??????????? [5]??????????????? 4????????
????????????????????????????????????
????? 4??????????????????????????????
??????????????????? 4?????
?????? 3.2??????? 4???????????
? 3.2: ???? (4???)
?????????????? 3.3??????????????1?????
?????????????????1???????????????????
?????????????????????1???????????????
???????1????????????????????????????1
?????????????????????????
? 3.3: ????????????????
12
3.3. ??????????? ? 3. ????
???????????????????????????????????
????????????????????????????????????
???
3.3 ???????????
???????????????? 3.4??????????????????
????????????????????????????????????
????????????????????????????????????
ボーカル抽出
• ○ ○sec. : × ×Hz
• ○ ○sec. : × ×Hz
• ○ ○sec. : × ×Hz
• ○ ○sec. : × ×Hz
…
発音タイミング毎の
ピッチを検出
元の楽曲波形 ボーカルを抽出した波形
赤線が発音タイミング 発音タイミングとその時のピッチ
? 3.4: ???????????
??????????REPET-SIM[6, 7]?????REPET-SIM??????
????????????????????????????????????
????????????????????????????????????
?????????????????????????
????RAFII???? [6, 7]?? REPET-SIM?????????????
???????????????N ????????? n = N=2??????
????????????????????????? V (i; j)????????j
?????????????????????????i???????????
???????????????????????????
S(ja; jb) =
Pn
i=1 V (i; ja)V (i; jb)pPn
i=1 V (i; ja)
2
pPn
i=1 V (i; jb)
2
(3.1)
???????????????????V (i; j)???? 2?????????
? ja; jb?????????????????????????????????
?? j????????????????????????????? k????
????????? l???????? V (i; Jj(l))??????????????
?????????????????????W (i; j)?????
W (i; j) = median
l2[1;k]
fV (i; Jj)g (3.2)
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3.4. ?????????????? ? 3. ????
????????????????????????????????????
????????????????????????????????????
??????????????????
????????????????????????????????????
??????? P ???????? F ??????? 2???????Wp??
??????
P = (F=2) C(0  C  2L=F   2) (3.3)
N?????????? PN ?????
WPN = Wa
a2[xN 1;xN ]
(3.4)
xN = min(fxjPN < x ^Wx < WPN  threthold(x; PN)g) (3.5)
????threthold(x; a)???????? a???? x??????????
threthold(x; PN) = minf(x  PN); 0:5g (3.6)
???????????? 3.5??????????????????????
????????
	
	
? 3.5: ?????
???????????????????????Yin??????? [8]???
?????????????????????????????????????
????????????????????????????????????
???????????
3.4 ??????????????
????????????DB?????????????????
?m?????k???????? sm;k?????k???????????
?????
Sm = (sm;1;    ; sm;k;    ; sm;K) (3.7)
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3.4. ?????????????? ? 3. ????
???????k????????????? pm;k???????????
Pm = (pm;1;    ; pm;k;    ; pm;K) (3.8)
????l?????????? s0l?????l?????????????????
S0 = (s01;    ; s0l;    ; s0L) (3.9)
????l?????????????? p0l???????????
P0 = (p01;    ; p0l;    ; p0L) (3.10)
????
?????????????DB???????????
????????????????????????????????????
????????????
?m????????????????????????????m????
???????????????????????m????????????
?????????????????? 3.6?????????????????
??????????
 
 


? 3.6: ????????????????????
???????????????????????
???????????????????????????????????
?????????????????????
?m? k????????? l??????????? (m; k; l)??????
??(m; 1; 1)???m???? 1??????? 1??????????????
???????????????? (m; k; l)????????
before(m; k; l) = (m;w(k); l   1) (3.11)
????
????w(k)??0  i  k   1?????
f(sm;k   sm;w(k))  (s0l   s0l 1)g2  f(sm;k   sm;i)  (s0l   s0l 1)g2 (3.12)
????????????????????????????????????
?????????????????????????????????????
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3.4. ?????????????? ? 3. ????
????????????m???????????????????????
???????????????
????? m??????????? (m; k; l)?????????????
psi(p0a; p
0
b) (a > b)??m?????? psm(pm;c; pm;d) (c > d)????????
psi??? psm???????????+1????????? 0????????
?? 1??????? (m; k; l)?????????
score(m; k; l) = scorefbefore(m; k; l)g+ new(pm;k; pm;w(k); p0l; p0l 1)(3.13)
new(e1; e2; f1; f2) =
8><>:
1 if psm(e1; e2) = psi(f1; f2)
 1 if psm(e1; e2) = psi(f1; f2) 2
0 others
(3.14)
????
??????????? (m; k; l)??????????????
max
k2[1;k]
fscore(x; k; L)g (3.15)
???????????m????????
????????????? 3.7????????????? k? l?????
?????? (??)???????? (?????)?????????????
???? (f(sm;k  sm;i)  (s0l  s0l 1)g2)???????????????????
before(xm;k;l)???????f(sm;k   sm;i)  (s0l   s0l 1)g2??????????
?????????????????????? (???)??????????
??K??????????????????m????????
????????????1???????????????????????
?????????????????????
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3.4. ?????????????? ? 3. ????
   













	























	


	






   
? 3.7: ?????????????????
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?4? ??
4.1 ????
???????????????????????????????????
????????????????????????????????????
?DB??????????????????????
Repet-Sim??????????????????????????????
?????MARSYAS[9]?AubioYin???????????AubioYin????
???Yin??????? [8]?????????????????????
??DB??????????????????????????
OS Microsoft Windows 7 64bit
CPU Intel Core i3 M370
??? 8GB
?? C# ??? C++/CLI
?????????????????????
?? (OS) Galaxy SII (Android 2.3)
?? Java
4.2 ????
??DB??????????????????????????C#????
?????Android?????????? Java??????
?????DB???????????????????????????
 MusicTapFinder Preview1.exe
?????????????????MusicMetaDataCreaterLocal????
????????????????????MusicExtracter???????
????????
 MusicFeaturesManager.dll
CompareToMusicAndTapTimeLine????? ??????????
?????? (3.4????)??????
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4.2. ???? ? 4. ??
FFMPegWrapper??? FFmpeg[10]??????wav????? mp3
?????? PCMDataStructure????????????
MusicExtracter??? ?????????????? (????????
????)????????? VocalPitchDetecter?????????
Repet-Sim????????????????????
MusicMetaDataCreaterLocal??? ??DB(MusicTrackList????
??)??????????????? (MusicExtracter??????
??)????
MusicSearch??? ????????????????????????
????????????????????????????
MusicTrackList??? 3?????????DB???????????
??????????? (???????????)????????
???MusicMetaDataBase????????????????
MusicMetadataLocal???/MusicMetaDataBase?????
MusicMetaDataBase???????????????????????
???????????????????MelodyFeature??????
????????????????????1???? 1??????
????????????? (?:???????????)?????
??????????MusicMetadataLocal????????????
?????????????????????
MelodyFeature??? ?????????????1???? 1????
???????????????1???? 2????????????
?????????????????????????SoundFeature-
sAtTime????????????????
SoundFeaturesAtTime??? ???????????????????
?????????
 PCMDataStructure.dll
PCMDataStructure??? ????? (PCM)????????????
1????? 32???????????????
 VocalPitchDetect.dll
VocalPitchDetecter??? ?????????Repet-Sim(3.3????)
??????? SignalPorocess??????????????????
?????????
 MarsyasWrapper.dll
?????????VocalPitchDete????????Marsyas??????
????????Marsyas?C++????????????VocalPitchDe-
tect.dll? C++/CLI?????C#?? C++?????????????
????????
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4.2. ???? ? 4. ??
SignalPorocess??? 3.3????????????AubioYin????
???Marsyas?????????????????????????
????????????
???Android????????????????????
 TapExperiment
MainActivity??? ??DB???????????????????
?????????
ButtonActivity??? ????????????????????But-
tonView????????????????????????????
????
PianoButtonView???/ButtonView????? ?????????
?????????????????????ButtonAcitivity????
????????????
20
?5? ????
????????????????????????????????????
????????????????????????????????????
??????????
5.1 ????
????? 1???? (15?30?)? 3??????????????????
????????????????????????????????????
????????????????????
??????????Sony XPERIA NX SO-02D??? Sony XPERIA acro
HD SO-03D????????????????? 5.1????
????????????? 1??????????????????????
????????????????????????????????????
????????????????????????????
??? 3??????3?????? 10?????????
??????RWC??????????? (???????)[11, 12]? 100?
????NO.8,19,37,40,48,50,63,75,86,97? 10???????
5.2 ???????
1???10?? 9??????????????? 1? (NO.40)???????
?????????????? 2?? 10??????????????????
? 5.1: ????????????????
?? SO-02D SO-03D
???
(??????? ) 128mm ? 64mm ? 10.6mm 126mm ? 66mm ? 11.9mm
?? 144g 149g
RAM 1GB
??????
(???/???) ? 4.3???/1280 ? 720
OS Android 4.0
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5.2. ??????? ? 5. ????
????????????????????????????????????
??????????????????????
22
?6? ????
???????????????????????????????????
????????????????????????????????????
???????
6.1 ?????
3.2???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????
6.2 ????????
?????????????? 3?????????????????????
??? 1(? 6.1)????? 3???????????????????????
?????????????????????????????????????
??? 2(? 6.2)????? 2??????????????????????
????????????????????????????????????
????????????
??? 3(? 6.3)????? 2??????????????????????
?????????????????????????????????
6.3 ????
???????????????????????????????????
????????????????????????????????????
????????????????
??????????5.1????? Sony XPERIA NX SO-02D??? Sony
XPERIA acro HD SO-03D??????
????????????? 6.4?????????????????????
???????????????????????????????????
????????????? 1??????????????????????
????????????????????????????????????
23
6.3. ???? ? 6. ????
? 6.1: ????:??? 1 ? 6.2: ????:??? 2
? 6.3: ????:??? 3
?????????????? 6.2?????????????????????
???????? 1???? 1???????????????????????
? 6.4?????????1???????? 3???????
???????? 1??????? 10?????????????? 1????
????1? 2?????????
????????????????????????????
?? ??????
1 ????????
2 ????
3 ??????
4 ?????????
5 ??????
6 ???????
7 ???????
8 ?????
9 ?????
10 ?????
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6.4. ????????????????? ? 6. ????
6.4 ?????????????????
?????????????????????????????? 9? (???
? 1?)????????9????????????? 21?25??????
6.2?????? 3???????????????9?????A?I?? 3?
??????????????????????????????? 2?????
???????A?C???? 1??D?F???? 2??G?I???? 3???
?????
6.5 ????
???????????????????????????????? 6.1??
?? 6.2???????????????????????????? 6.5????
? 6.5?????? 2???????????????? 2?????? 3? 1
???????? 2??????????????????????????
6.6 ??
?????????????????? 2????????????????
????????????
??? 1????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
??????????????????????????????
??? 3???????????????????????????????
?????????????????????????????????????
????????????????????????????????
?????? 2?????????????????????????????
?????????????????????????????????????
????????????????????????????????????
?????????????
??????? 2???????????????????????????
???????
????????? 2????? 2???????????????????
? n???????????????????
?????????3.2??????? 2???????????????
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6.6. ?? ? 6. ????
? 6.4: ?????








	








? 6.5: ?????????????????????????
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6.6. ?? ? 6. ????
? 6.1: ????? 1?????????? (??:%)
??? ??? 1 ??? 2 ??? 3
XXXXXX?
??? A B C D E F G H I
1 57.6 15.2 15.2 93.9 81.8 84.8 66.7 72.7 66.7
2 40.0 26.7 43.3 80.0 76.7 76.7 46.7 83.3 76.7
3 95.2 16.7 54.8 92.9 97.6 90.5 92.9 100.0 100.0
4 42.4 12.1 27.3 81.8 100.0 84.8 75.8 69.7 63.6
5 44.4 8.3 33.3 97.2 86.1 91.7 50.0 88.9 69.4
6 42.2 46.7 22.2 88.9 84.4 35.6 53.3 93.3 86.7
7 38.5 7.7 30.8 89.7 97.4 92.3 74.4 87.2 53.8
8 25.6 25.6 12.8 66.7 66.7 35.9 46.2 64.1 56.4
9 51.1 8.9 28.9 91.1 75.6 64.4 80.0 95.6 82.2
10 33.3 23.1 10.3 69.2 79.5 74.4 64.1 79.5 61.5
?? 47.0 19.1 27.9 85.1 84.6 73.1 65.0 83.4 71.7
????? 31.3 80.9 73.4
? 6.2: ????? 2?????????? (??:%)
??? ??? 1 ??? 2 ??? 3
XXXXXX?
??? A B C D E F G H I
1 51.5 15.2 15.2 97.0 97.0 93.9 90.9 97.0 78.8
2 43.3 23.3 23.3 80.0 90.0 66.7 56.7 80.0 73.3
3 100.0 11.9 38.1 100.0 97.6 97.6 92.9 100.0 95.2
4 33.3 18.2 24.2 90.9 100.0 100.0 90.9 84.8 66.7
5 36.1 16.7 30.6 97.2 100.0 94.4 66.7 94.4 66.7
6 42.2 22.2 24.4 95.6 93.3 77.8 75.6 100.0 88.9
7 53.8 23.1 38.5 89.7 97.4 84.6 69.2 94.9 79.5
8 28.2 15.4 15.4 69.2 69.2 43.6 61.5 64.1 43.6
9 57.8 13.3 22.2 93.3 95.6 100.0 86.7 95.6 88.9
10 20.5 23.1 17.9 74.4 87.2 87.2 59.0 87.2 51.3
?? 46.7 18.2 25.0 88.7 92.7 84.6 75.0 89.8 73.3
????? 30.0 88.7 79.4
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?7? ????????????
??
??????????????? (3.4?)?????????????????
????????????????????????????????????
DB????????????????????????????????
7.1 ?????
???????????????????????????????????
??????????????????????????????????DB?
????????????????????????????????????
????????????????????????????MIDI????
?????????????????
????????????????????????????????????
???????????MIDI???????DB??????????????
???????????
???????????????????????????????????
?????????????????????????
7.2 ??????????????
??????RWC??????????? (???????)[11, 12]? 100?
??????
???? 100???????????????????AIST????????
Chorus sections?????????????????????????????
???????? 3.3??????????????????????????
???????DB???????
?????????????????MIDI???????????????
?????????MIDI?????????????????????????
????MIDI????????DB???????
????????????????????????????????????
??????????????MIDI????????????????????
????????????? 2?5????? 4??????????
28
7.3. ????? ? 7. ??????????????
???? 100 4 = 400????????????DB? 100???????
????????
7.3 ?????
7.3.1 MIDI??????DB??????
?MIDI????????DB??????????? 100??????????
????????????????????????????????????
???? (1?)??????
?????????????? 1?????????????????????
?????????????????????M = 100???? n??????
???DB???m????????Rn;m????????????n?????
Hn > 0 (7.1)
Hn = Rn;n   (2 + Rn;) (7.2)
Rn; =
PM
m=1Rn;m
M
(7.3)
 =
sP100
m=1 (Rn;m   Rn;)2
M   1 (7.4)
??????? (7.3)??????????????DB???????????
??????????????Hn?????????????????????
???????????? (7.1)??????????????????????
???????????????? 2???????????????????
????????????????????????????????????
????????????????, Rn;, Rn;n, Hn??????? 7.1????
? 7.1: ????????????????????????????
(?MIDI ???????? DB????)
???? 2 3 4 5
n  Rn; Rn;n Hn  Rn; Rn;n Hn  Rn; Rn;n Hn  Rn; Rn;n Hn
1 5.09 9.27 40.00 16.38 3.40 6.79 40.00 23.01 3.11 6.42 40.00 24.04 2.75 5.98 40.00 25.29
2 7.38 9.14 35.00 9.34 5.91 7.63 35.00 13.84 4.55 6.35 35.00 17.74 3.71 5.70 35.00 19.90
3 4.37 8.46 41.00 19.70 3.41 7.01 41.00 23.58 2.84 6.18 41.00 25.80 2.31 5.51 41.00 27.66
4 1.13 6.23 55.00 41.40 0.94 5.87 55.00 42.31 0.92 5.83 55.00 42.42 0.92 5.83 55.00 42.42
5 0.90 6.34 60.00 46.42 0.82 6.18 60.00 46.81 0.78 6.11 60.00 47.00 0.76 6.08 60.00 47.07
6 11.23 5.13 22.00 0.51 9.44 4.59 22.00 3.38 7.88 4.23 22.00 5.67 7.04 4.02 22.00 6.92
7 8.35 8.26 31.00 6.13 6.43 6.87 31.00 10.84 5.82 6.43 31.00 12.33 5.12 5.94 31.00 13.99
8 8.99 7.24 29.00 5.53 8.80 7.12 29.00 5.95 7.90 6.60 29.00 7.90 7.90 6.60 29.00 7.90
9 10.64 2.56 16.00 0.24 8.69 2.51 16.00 2.28 6.89 2.55 16.00 4.02 6.89 2.55 16.00 4.02
10 3.93 7.21 39.00 20.65 2.70 5.85 39.00 24.59 2.23 5.40 39.00 25.98 1.70 4.89 39.00 27.52
11 6.13 8.66 36.00 12.54 3.34 5.81 36.00 21.03 2.88 5.44 36.00 22.25 2.88 5.44 36.00 22.25
12 7.95 8.38 32.00 7.29 5.44 6.43 32.00 13.71 4.96 6.09 32.00 14.87 4.96 6.09 32.00 14.87
13 10.77 4.19 20.00 0.85 8.89 3.80 20.00 3.51 7.33 3.50 20.00 5.68 7.33 3.50 20.00 5.68
14 9.79 4.51 21.00 2.19 6.95 3.79 21.00 6.47 6.95 3.79 21.00 6.47 6.44 3.67 21.00 7.22
15 1.74 6.71 50.00 34.84 1.22 5.66 50.00 37.45 1.22 5.66 50.00 37.45 1.22 5.66 50.00 37.45
16 7.51 10.59 37.00 8.31 6.05 8.82 37.00 13.30 5.44 8.09 37.00 15.38 4.71 7.29 37.00 17.71
17 1.77 7.61 54.00 37.01 1.35 6.46 54.00 39.72 1.22 6.17 54.00 40.45 1.09 5.91 54.00 41.09
18 7.37 9.09 35.00 9.45 6.13 7.83 35.00 13.22 5.56 7.25 35.00 14.95 4.79 6.54 35.00 17.13
????????
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7.3. ????? ? 7. ??????????????
????????? (? 7.1)
???? 2 3 4 5
n  Rn; Rn;n Hn  Rn; Rn;n Hn  Rn; Rn;n Hn  Rn; Rn;n Hn
19 5.41 10.20 41.00 15.20 4.29 8.31 41.00 20.08 3.24 6.77 41.00 24.23 2.95 6.36 41.00 25.34
20 7.86 8.39 32.00 7.37 6.31 7.15 32.00 11.38 5.20 6.35 32.00 14.09 4.63 5.99 32.00 15.38
21 3.73 8.93 43.00 21.41 2.87 7.22 43.00 25.69 2.54 6.65 43.00 27.16 2.00 5.81 43.00 29.38
22 4.70 7.53 38.00 18.24 3.47 6.26 38.00 22.01 2.66 5.55 38.00 24.23 2.66 5.55 38.00 24.23
23 6.16 9.25 38.00 13.34 4.56 7.49 38.00 18.47 3.77 6.65 38.00 20.93 3.35 6.22 38.00 22.20
24 1.13 6.13 55.00 41.61 1.00 5.87 55.00 42.26 0.95 5.80 55.00 42.45 0.93 5.77 55.00 42.52
25 7.58 7.10 30.00 8.22 5.16 5.65 30.00 13.54 3.98 4.92 30.00 16.19 3.71 4.75 30.00 16.80
26 8.98 3.76 19.00 2.50 7.35 3.71 19.00 4.23 6.28 3.65 19.00 5.42 6.28 3.65 19.00 5.42
27 8.39 8.84 32.00 5.92 7.28 7.87 32.00 8.98 6.64 7.35 32.00 10.66 6.03 6.81 32.00 12.34
28 5.47 8.55 38.00 15.42 4.15 7.07 38.00 19.70 3.60 6.54 38.00 21.32 2.92 5.98 38.00 23.11
29 9.75 6.27 25.00 2.71 6.90 5.36 25.00 7.38 4.71 4.64 25.00 11.01 4.71 4.64 25.00 11.01
30 0.94 9.35 94.00 74.35 0.94 9.35 94.00 74.35 0.94 9.35 94.00 74.35 0.94 9.35 94.00 74.35
31 10.61 1.78 15.00 0.84 9.67 1.79 15.00 1.74 9.67 1.79 15.00 1.74 7.97 1.87 15.00 3.29
32 3.97 7.49 40.00 21.05 3.07 6.27 40.00 24.38 2.78 5.91 40.00 25.40 2.78 5.91 40.00 25.40
33 8.52 8.44 31.00 5.59 7.88 8.00 31.00 7.12 7.40 7.68 31.00 8.25 6.57 7.10 31.00 10.23
34 9.99 6.20 25.00 2.60 6.15 4.69 25.00 9.47 5.22 4.40 25.00 10.97 4.37 4.14 25.00 12.35
35 3.41 6.10 38.00 22.38 2.65 5.37 38.00 24.60 2.31 5.08 38.00 25.52 2.16 4.94 38.00 25.96
36 10.29 4.62 21.00 1.48 9.64 4.44 21.00 2.48 9.10 4.31 21.00 3.28 9.10 4.31 21.00 3.28
37 9.83 6.96 27.00 3.24 6.66 5.51 27.00 9.31 6.27 5.34 27.00 10.05 5.38 4.89 27.00 11.84
38 9.74 7.82 29.00 3.63 7.77 6.73 29.00 7.76 7.40 6.50 29.00 8.60 7.40 6.50 29.00 8.60
39 2.43 7.87 48.00 29.83 1.79 6.45 48.00 33.32 1.46 5.90 48.00 34.73 1.46 5.90 48.00 34.73
40 3.00 7.44 43.00 25.11 2.26 6.18 43.00 28.38 2.07 5.88 43.00 29.18 1.99 5.76 43.00 29.48
41 10.31 8.08 29.00 2.52 6.31 5.81 29.00 11.07 5.69 5.47 29.00 12.36 5.69 5.47 29.00 12.36
42 5.87 8.24 36.00 13.64 4.37 6.65 36.00 18.34 3.01 5.40 36.00 22.18 2.70 5.20 36.00 22.91
43 6.60 3.46 19.00 5.48 5.51 3.40 19.00 6.68 5.51 3.40 19.00 6.68 5.51 3.40 19.00 6.68
44 9.10 8.11 30.00 4.69 7.23 6.80 30.00 9.18 6.76 6.50 30.00 10.24 5.53 5.72 30.00 13.03
45 8.99 6.00 26.00 5.01 8.30 5.68 26.00 6.35 7.32 5.29 26.00 8.10 6.38 4.91 26.00 9.80
46 3.77 10.01 44.00 20.21 3.09 8.49 44.00 23.94 2.95 8.16 44.00 24.72 2.52 7.34 44.00 26.80
47 2.36 7.49 47.00 29.66 1.90 6.50 47.00 32.11 1.46 5.74 47.00 34.06 1.25 5.42 47.00 34.92
48 4.88 8.40 39.00 17.33 3.62 6.80 39.00 21.79 2.36 5.43 39.00 25.79 2.36 5.43 39.00 25.79
49 4.36 8.51 41.00 19.62 3.37 6.98 41.00 23.67 2.84 6.30 41.00 25.56 2.84 6.30 41.00 25.56
50 10.16 5.68 24.00 2.48 7.23 4.84 24.00 7.10 6.01 4.50 24.00 9.00 6.01 4.50 24.00 9.00
51 10.08 8.92 30.00 2.09 7.00 6.79 30.00 9.42 5.50 5.83 30.00 12.84 4.36 5.13 30.00 15.38
52 9.01 8.02 30.00 4.96 7.88 7.20 30.00 7.72 6.97 6.52 30.00 9.99 5.91 5.88 30.00 12.32
53 11.93 6.25 24.00 -0.44 8.09 5.03 24.00 5.85 6.92 4.74 24.00 7.60 6.92 4.74 24.00 7.60
54 10.19 7.11 27.00 2.59 7.41 5.71 27.00 8.18 6.36 5.23 27.00 10.18 5.97 5.03 27.00 10.96
55 11.04 5.41 23.00 1.13 8.38 4.65 23.00 5.32 5.99 4.04 23.00 8.93 5.04 3.83 23.00 10.30
56 6.19 7.95 35.00 12.91 4.65 6.58 35.00 17.20 4.37 6.33 35.00 17.98 4.37 6.33 35.00 17.98
57 8.98 4.30 20.00 2.42 6.79 3.94 20.00 5.33 6.30 3.85 20.00 6.00 5.23 3.62 20.00 7.52
58 10.47 9.83 31.00 0.87 7.58 7.62 31.00 8.17 7.02 7.19 31.00 9.60 5.49 6.21 31.00 13.08
59 9.69 11.02 34.00 2.27 7.02 8.40 34.00 10.19 4.96 6.61 34.00 15.82 4.71 6.45 34.00 16.40
60 11.05 5.52 23.00 0.92 8.84 5.00 23.00 4.17 7.04 4.56 23.00 6.84 6.03 4.29 23.00 8.38
61 5.59 7.28 34.00 13.84 4.79 6.53 34.00 16.16 4.64 6.42 34.00 16.52 3.78 5.73 34.00 18.76
62 7.68 6.59 29.00 8.13 5.76 5.62 29.00 12.00 4.51 5.14 29.00 14.20 3.86 4.78 29.00 15.57
63 9.13 6.01 26.00 4.85 6.29 4.85 26.00 10.02 5.82 4.71 26.00 10.75 5.35 4.58 26.00 11.50
64 5.11 7.13 35.00 15.64 3.24 5.58 35.00 20.61 3.24 5.58 35.00 20.61 3.02 5.44 35.00 21.10
65 4.20 9.12 42.00 19.55 3.11 7.21 42.00 24.48 2.79 6.72 42.00 25.76 2.51 6.26 42.00 26.96
66 7.13 8.48 34.00 9.91 5.55 7.00 34.00 14.45 4.68 6.24 34.00 16.84 4.37 5.96 34.00 17.71
67 10.89 5.84 24.00 1.43 7.47 4.80 24.00 6.93 5.96 4.34 24.00 9.36 5.04 4.14 24.00 10.68
68 8.97 7.34 29.00 5.35 5.74 5.60 29.00 12.05 4.94 5.22 29.00 13.62 4.94 5.22 29.00 13.62
69 8.91 6.55 27.00 4.98 6.85 5.59 27.00 8.98 5.46 4.98 27.00 11.58 4.56 4.64 27.00 13.16
70 5.97 10.04 39.00 12.95 4.44 8.00 39.00 18.56 3.77 7.13 39.00 20.97 3.11 6.39 39.00 23.11
71 11.09 3.84 19.00 0.22 9.07 3.47 19.00 2.99 6.61 3.31 19.00 5.78 6.26 3.31 19.00 6.12
72 8.27 8.17 31.00 6.40 5.45 6.15 31.00 13.24 5.09 5.92 31.00 14.07 3.99 5.26 31.00 16.49
73 6.29 9.14 37.00 12.44 4.93 7.54 37.00 16.98 4.12 6.61 37.00 19.67 3.50 5.95 37.00 21.60
74 10.32 3.10 17.00 0.48 7.21 2.97 17.00 3.86 6.81 2.97 17.00 4.25 6.81 2.97 17.00 4.25
75 10.78 7.51 27.00 1.21 9.29 6.81 27.00 4.10 9.29 6.81 27.00 4.10 8.84 6.59 27.00 4.98
76 10.71 7.47 27.00 1.36 7.80 6.03 27.00 7.14 6.67 5.57 27.00 9.19 5.50 5.08 27.00 11.34
77 10.57 5.76 24.00 1.91 9.05 5.26 24.00 4.43 8.00 4.91 24.00 6.18 6.79 4.53 24.00 8.15
78 4.71 9.01 41.00 18.26 3.70 7.48 41.00 22.33 3.30 6.90 41.00 23.89 2.86 6.34 41.00 25.46
79 10.17 6.59 26.00 2.64 6.75 5.17 26.00 8.91 6.42 5.03 26.00 9.52 5.95 4.85 26.00 10.36
80 7.89 8.80 33.00 7.52 6.34 7.34 33.00 11.99 6.11 7.14 33.00 12.60 5.29 6.44 33.00 14.82
81 7.06 1.38 10.00 0.19 5.74 1.49 10.00 1.27 5.21 1.59 10.00 1.61 5.21 1.59 10.00 1.61
82 4.05 8.75 42.00 20.44 3.51 7.79 42.00 22.90 2.73 6.62 42.00 26.03 2.63 6.46 42.00 26.44
83 9.80 6.87 27.00 3.46 7.57 5.79 27.00 7.85 6.67 5.40 27.00 9.54 5.80 5.00 27.00 11.20
84 6.97 8.67 35.00 10.70 5.57 7.28 35.00 14.88 5.19 6.91 35.00 15.99 5.19 6.91 35.00 15.99
????????
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7.4. ?? ? 7. ??????????????
????????? (? 7.1)
???? 2 3 4 5
n  Rn; Rn;n Hn  Rn; Rn;n Hn  Rn; Rn;n Hn  Rn; Rn;n Hn
85 11.11 7.00 26.00 0.90 8.40 5.79 26.00 6.02 8.10 5.66 26.00 6.57 7.37 5.36 26.00 7.92
86 2.07 7.21 49.00 32.51 1.74 6.45 49.00 34.37 1.46 5.92 49.00 35.71 1.24 5.57 49.00 36.62
87 9.80 2.73 16.00 0.74 8.20 2.68 16.00 2.44 8.20 2.68 16.00 2.44 7.61 2.68 16.00 3.03
88 2.14 8.19 51.00 32.47 1.81 7.26 51.00 34.68 1.68 6.92 51.00 35.48 1.56 6.64 51.00 36.16
89 8.19 8.55 32.00 6.72 5.93 6.68 32.00 12.72 4.61 5.76 32.00 15.87 4.61 5.76 32.00 15.87
90 7.70 8.62 33.00 8.06 4.80 6.12 33.00 15.95 3.59 5.22 33.00 18.98 3.59 5.22 33.00 18.98
91 5.37 8.23 38.00 16.17 4.13 6.77 38.00 20.34 3.63 6.25 38.00 21.87 3.42 6.05 38.00 22.49
92 11.45 6.04 24.00 0.46 8.81 5.28 24.00 4.63 6.61 4.80 24.00 7.79 5.85 4.57 24.00 9.00
93 10.78 2.61 16.00 0.01 8.77 2.62 16.00 1.99 7.46 2.64 16.00 3.27 7.46 2.64 16.00 3.27
94 1.32 7.94 60.00 42.80 1.17 7.26 60.00 44.31 1.06 6.86 60.00 45.22 0.96 6.63 60.00 45.78
95 10.08 2.12 15.00 0.67 8.63 2.13 15.00 2.10 8.63 2.13 15.00 2.10 7.55 2.13 15.00 3.19
96 4.33 9.30 42.00 19.08 3.81 8.36 42.00 21.47 3.55 7.91 42.00 22.63 3.32 7.48 42.00 23.73
97 2.70 7.82 46.00 27.66 2.21 6.74 46.00 30.31 1.81 5.96 46.00 32.28 1.64 5.67 46.00 33.03
98 6.58 5.90 29.00 10.62 4.54 5.01 29.00 14.45 4.11 4.74 29.00 15.42 3.18 4.28 29.00 17.27
99 3.99 9.49 43.00 20.03 3.15 7.80 43.00 24.25 3.03 7.60 43.00 24.78 2.71 7.04 43.00 26.22
100 8.12 4.87 23.00 5.13 6.49 4.46 23.00 7.58 6.09 4.33 23.00 8.26 5.17 4.04 23.00 9.75
?? 11.79 15.68 17.26 18.23
7.3.2 ?????????DB??????
????????????DB??????????? 100??????????
????????????????????????????? 7.2??????
?????????????????????????????? 7.1????
? 7.2: ??????????????????????????? (%)
???? 1? 5??? 10??? 20??? 30???
2 2.0 10.0 20.0 40.0 54.0
3 2.0 18.0 24.0 40.0 52.0
4 3.0 17.0 26.0 39.0 47.0
5 2.0 19.0 24.0 42.0 48.0
7.4 ??
????????????????????????????????????
?DB???????????????????1??????????????
????????????????????????????????????
??????
?????????????DB???????????? 7.1???4???
???????????????????? 10???????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
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7.4. ?? ? 7. ??????????????











	
	
  	 
? 7.1: ???????????????????????? (????)
????????????????????????????????????
?????????
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?8? ????
???????????????????????DB???????????
????????????????????????????????????
?????????????????????????????
8.1 ????
??????RWC??????????? (???????)[11, 12]? 100?
??????
???? 100????????????????????AIST???????
?Chorus sections????????????????????????????
????????????????????????? 3.3??????????
??????????????DB??????
???????????????????????????????????
?????????????????????????????????????
???????? 100?????AIST????????Chorus sections????
?????????????????????????????????????
???????????????? (3.2)?????????????????
?????????????????????????????????????
???????????????3.4??????????????????DB
???????????? (?????????????????????)??
?????DB? 100????????????????
?????1??????????????????????????????
???????????????????????????????? 3?????
8.2 ???????????
?????????????????????????????? 8? (???
? 1?)????????8????????????? 21?24?????????
???????????? (6?)????????????
??? 1?????40?????????????????? 1????? 10
?? 4??????????1??? 1?40???2??? 41?80???3???
81?100???? 1?20??????????
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8.3. ???? ? 8. ????
8.3 ????
??????? 8 40 3 = 960?????????????????????
????????????????????????????? 959??????
7??????????????????DB?????MIDI???????
?DB????????????????????? 959???????????
?????????????????????? 8.1?????????????
??????????????????????? 8.1????????????
???DB?????????????????????? 41.88? ( = 17:89)?
????MIDI????????DB????27.89? ( = 22:29)?????
? 8.1: ??????????????????????????? (%)
??? ??DB???? 1? 5??? 10??? 20??? 30???
1
??????? 0.8 5.8 10.0 22.5 32.5
MIDI?? 5.8 19.2 40.0 69.2 78.3
2
??????? 5.0 9.1 14.2 28.3 41.7
MIDI?? 0.8 4.2 15.0 43.3 51.7
3
??????? 2.5 7.6 11.0 26.9 38.7
MIDI?? 0.8 35.3 49.6 70.6 78.1
4
??????? 0.8 7.5 10.8 25.0 40.0
MIDI?? 4.2 11.7 28.3 53.3 65.8
5
??????? 5.0 8.3 10.8 29.1 44.1
MIDI?? 1.7 15.0 35.0 64.2 69.2
6
??????? 3.3 12.5 20.0 35.0 50.8
MIDI?? 1.7 20.0 43.3 64.1 70.8
7
??????? 5.8 14.2 23.3 35.8 47.5
MIDI?? 0.0 2.5 22.5 53.3 61.7
8
??????? 1.7 4.2 14.2 28.3 37.5
MIDI?? 4.2 21.7 47.5 68.3 72.5
?? ??????? 3.1 8.6 14.2 28.9 41.6
MIDI?? 2.4 16.1 35.1 60.8 68.5
????????DB????????????????????????? 5
?????????????????? 8.7%?????????MIDI????
????DB???????? 16.1%?????????????? 10????
20????30????????????MIDI????????DB?????
??????????????????????????MIDI??????DB
?????????????????????DB?????????????
??????????????
??????????????????? 8.2????P < 0:05??????
????DB?MIDI???DB???????????????
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8.4. ?? ? 8. ????


















	
 	
	
? 8.1: ?????????????????????????
? 8.2: ????????
??? ???? MIDI
1 45.22 23.34
2 41.33 33.60
3 44.80 20.55
4 42.83 30.16
5 41.30 29.60
6 38.93 25.35
7 36.64 31.67
8 46.27 25.12
?? 42.17 27.42
2 10.86 20.28
P 5:61 10 4
8.4 ??
?????????????DB?????????MIDI??DB?????
????????????????
????MIDI?????????????????????????????
?????????????????????????????????7???
????????????Repet-SIM?Yin????????????????
????????????DB??????????????????????
????????????????????????
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8.4. ?? ? 8. ????
??????????????MIDI???DB??????????????
????????????????????????????????????
???????????????????????????????
???????????????????????????????????
?????????????????????????????? (9?)???
???????????????
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?9? ????????????
???? (8?)????????????????????????????
?????????????????????????????????????
???????
9.1 ????
?????????????? 8????????????????????
??????????????????????????????
 ?????????????????????????
 ??????????????????????????????????
??????????????????????????? 3??????
????
9.1.1 ???????
3.4???????DB?????????????????????????
???????????????????????????? s0a???????
? sm;b????????????????
pairT (a; h) = b such thatminf((s0a   s0h)  (sm;b   sm;1))2g (9.1)
(1  h  a  L; 1  b  K)
pairM(a; i) = b such thatminf((s0a   s01)  (sm;b   sm;i))2g (9.2)
(1  a  L; 1  i  b  K)
(1) ???????????????????????????m??????
maxf max
h02[1;L]
Tm;h0 ; max
i02[1;K]
Mm;i0g (9.3)
????
Tm;h =
PL
a=h new2(sm;pairT (a;h); sm;pairT (a 1;h); s
0
a; s
0
a 1)(9.4)
Mm;i =
PL
a=1 new2(sm;pairM (a;i); sm;pairM (a 1;i); s
0
a; s
0
a 1)(9.5)
new2(e1; e2; f1; f2) =
1
Abs((e1 e2) (f1 f2))+1 (9.6)
Abs(c) = max fc; cg (9.7)
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9.2. ????? ? 9. ????????????
(2) ?????????????????????????????m???
???
maxf max
h02[1;L]
T 0m;h0 ; max
i02[1;K]
M 0m;i0g (9.8)
????????new(e1; e2; f1; f2)?? (3.14)?????
T 0m;h =
PL
a=h new(pm;pairT (a;h); pm;pairT (a 1;h); p
0
a; p
0
a 1) (9.9)
M 0m;i =
PL
a=1 new(pm;pairM (a;i); pm;pairM (a 1;i); p
0
a; p
0
a 1) (9.10)
(3) ?????????????????????????????m???
???
maxf max
h02[1;L]
T 00m;h0 ; max
i02[1;K]
M 00m;i0g (9.11)
????
T 00m;h = Tm;h + T
0
m;h (9.12)
M 00m;i = Mm;i +M
0
m;i (9.13)
9.2 ?????
MIDI???????????????DB????????????????
????????????????????????????????????
???????? 959??????????????????????????
??????? 9.1???? 9.2?????
????????????????? 9.3???? 9.4????MIDI???DB
?????????????????P < 0:05???????????????
???????????????????
?????DB??????? 100??MIDI???????????????
????????????????????????????????????
??????????????????????100%?????????? 1?
???????????????????DB???MIDI???DB?????
?????????????? 9.5????
LCS(????????? - Longest Common Subsequence)?????????
????????????? 9.6????
9.3 ??
???????MIDI??????????????????????????
????????????????????????????????????
??????????????
??????MIDI?????DB????????????????????
?????????????? 5?????????????????????
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9.3. ?? ? 9. ????????????
????????????????????????????????????
?????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????? 5???
??????? 60%???????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????????????????????????
???????????????????????????????????
????????????????????????????????????
??????????????DB????????????????????
????????????????????????????????????
??????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????? 5???????????MIDI???DB??????????
?DB?????????????????????????DB???????
?????????????????????????????????????
????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
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9.3. ?? ? 9. ????????????
? 9.1: ??????????????????????????? (MIDI)(%)
??? ???? 1? 5??? 10??? 20??? 30???
1
?????? 9.2 60.8 75.0 86.7 91.7
???? 28.3 60.0 68.3 80.0 91.7
?? 15.0 73.3 81.7 85.8 92.5
2
?????? 13.3 55.0 65.8 78.3 85.0
???? 18.3 51.7 67.5 80.0 89.2
?? 19.2 65.0 73.3 83.3 87.5
3
?????? 0.0 22.7 29.4 45.4 54.6
???? 0.0 14.3 22.7 38.7 55.5
?? 0.0 18.5 31.1 41.2 56.3
4
?????? 5.8 36.7 49.2 64.2 73.3
???? 7.5 21.7 30.8 55.0 65.8
?? 2.5 27.5 46.7 59.2 68.3
5
?????? 2.5 20.8 35.8 60.0 70.0
???? 4.2 15.8 25.8 39.2 50.0
?? 3.3 20.0 31.7 50.8 57.5
6
?????? 8.4 48.2 59.7 73.0 79.6
???? 80.8 90.8 92.5 94.2 96.7
?? 70.0 89.2 95.0 96.7 97.5
7
?????? 13.3 65.8 83.3 90.8 91.7
???? 86.7 91.7 94.2 95.8 97.5
?? 66.6 90.0 94.1 95.8 95.8
8
?????? 8.4 48.2 59.7 73.0 79.6
???? 48.3 72.5 80.0 87.5 89.2
?? 43.3 74.2 81.7 89.2 90.8
??
?????? 15.8 59.2 65.8 80.0 87.5
???? 34.3 52.3 60.3 71.3 79.5
?? 27.5 57.2 66.8 75.2 80.7
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9.3. ?? ? 9. ????????????
? 9.2: ??????????????????????????? (????)(%)
??? ???? 1? 5??? 10??? 20??? 30???
1
?????? 1.7 9.2 17.5 32.5 47.5
???? 4.2 16.7 26.7 37.5 44.1
?? 5.0 15.8 26.7 37.5 51.7
2
?????? 7.5 15.8 30.8 52.5 63.3
???? 5.0 15.0 23.3 43.3 57.5
?? 2.5 16.7 30.0 50.0 62.5
3
?????? 0.0 2.5 10.1 23.5 42.9
???? 0.0 5.0 15.1 22.7 35.3
?? 0.0 4.2 8.4 23.5 36.1
4
?????? 0.8 9.2 23.3 35.8 51.7
???? 2.5 7.5 11.7 26.7 36.7
?? 2.5 6.7 14.2 27.5 41.7
5
?????? 4.2 14.2 28.3 47.5 60.8
???? 5.8 15.8 25.8 42.5 55.0
?? 5.0 15.0 25.8 40.0 55.8
6
?????? 2.5 10.0 15.8 39.2 52.5
???? 6.7 26.7 39.2 57.5 67.5
?? 9.2 22.5 33.3 51.7 63.3
7
?????? 10.0 14.2 28.3 50.8 64.1
???? 16.7 38.4 56.7 68.3 73.3
?? 13.3 35.8 51.7 65.8 76.7
8
?????? 0.0 5.8 17.5 32.5 40.8
???? 10.0 17.5 26.7 38.3 55.0
?? 6.7 12.5 25.8 36.7 47.5
??
?????? 3.3 10.1 21.3 39.2 52.9
???? 6.4 17.8 28.2 42.1 53.0
?? 5.5 27.0 41.5 54.3 64.2
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9.3. ?? ? 9. ????????????
? 9.3: ???????? (MIDI)
??? ??? ???? ??
1 9.23 10.76 8.60
2 13.63 12.25 10.47
3 33.27 33.67 33.42
4 19.84 28.80 23.71
5 25.31 35.11 31.67
6 7.90 3.78 3.81
7 12.05 3.38 4.13
8 13.49 9.60 8.49
?? 16.84 17.16 15.54
2 76.1 174 148
P (???) 0.46 0.048
? 9.4: ???????? (????)
??? ??? ???? ??
1 36.80 36.88 36.23
2 30.85 32.25 28.84
3 46.20 43.53 47.10
4 37.01 41.04 40.69
5 33.84 33.33 35.58
6 34.32 25.33 28.69
7 29.12 19.28 18.88
8 42.02 32.22 38.06
?? 32.98 36.27 34.26
2 62.7 31.8 74.7
P (???) 0.26 0.24
? 9.5: MIDI??????????????????????????????
(%)
DB ???? 1? 5??? 10??? 20??? 30???
??
?????? 8.0 19.0 28.0 49.0 59.0
???? 17.0 29.0 42.0 58.0 67.0
?? 15.0 29.0 43.0 59.0 70.0
MIDI
?????? 100.0 100.0 100.0 100.0 100.0
???? 100.0 100.0 100.0 100.0 100.0
?? 100.0 100.0 100.0 100.0 100.0
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9.3. ?? ? 9. ????????????
? 9.6: LCS?????????? (%)
??? ???
1 74.6
2 76.5
3 73.1
4 60.6
5 77.1
6 88.9
7 89.9
8 81.6
?? 77.8
 8:76 10 2
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?10? ????
???????????????????????????????????
?????????????????????
????????????????MIDI?DB??????????????
???????? 100%???????????????????????????
??? 5????????? 91.7%??????????????DB?????
??????????????????????? 5????????? 17.0%?
????????????????????????? 38.4%??????????
???????????????????????????? 77.8%????
????????????????????????????????????
??DB????????????????????????????????
??????????????
?????????DB?????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
??????
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